Abstract. An enzyme-linked immunosorbent assay (ELISA) using a monoclonal antibody that recognizes a repetitive epitope on the circumsporozoite protein of Plasmodiumn falciparum was used in Kenya to assess malaria infections in Anopheles gambiae s.l. and An. funestus. The ELISA confirmed that 88% of 44 sporozoite-positive gland dissections were P. falciparuin. The ELISA infection rate of 18.6% (n = 736) for individually tested mosquitoes for both species was significantly higher than the 10.4% (n = 537) salivary gland sporozoite rate determined by dissection. This difference was due to ELISA detection of medium and large sized oocysts on the midguts of infected mosquitoes which did not contain salivary gland sporozoites. From a series of 379 Anopheles that were cut at the thorax. ELISA tests on "'head" and "body" portions showed that 29.5% of 95 positive mosquitoes contained circumsporozoite antigen in the body portion in the absence of salivary gland infections. This field evaluation demonstrates that the ELISA can most accurately be used to estimate sporozoite rates by cutting mosquitoes at the thorax and testing anterior portions.
Malaria transmission is ultimately dependent clonal antibodies specific for the circumsporoupon the sporozoite rate: the proportion of fezoite (CS) protein. The immunoradiometr( assay male anopheline mosquitoes with sporozoites in (IRMA) was developed using monoclonal antitheir salivary glands. Many factors determine bodies against 4 malaria species. 7 The IRMA was sporozoite rates in natural mosquito populasensitive enough to detect fewer than 100 spotions, including mosquito susceptibility, popurozoites. and for the first time it was possible to lation densities, feeding habits, longevity, dura-differentiate Plasmodium species in the mosquition of the extrinsic malaria cycle, and other to. The ELISA was later adapted for the same host-vector parameters.' The entomological inpurpose and proved equally reliable.," These oculation rate, defined as the product of the spo-techniques offer several theoretical advantages rozoite rate and the human-biting rate, is the over dissection: 1) sporozoites can be identified most valuable parameter for quantifying malaria by species: 2) specimens can be held in storage transmission and predicting malaria epidem-(dry or frozen) before processing: and 3) numbers ics.
2
-Assessment of these parameters will beof sporozoites can be estimated. Dissection techcome especially important as sites are investi-niques require careful microscopic examination gated for malaria vaccine trials. 
kmwes of isuu).
The basic ELISA method for sporozoite deKisumu) and Tiengre (10 km west of Kisumu).
tection was developed by Burkot et al.," based Both sites were studied by the World Health Organization (1972 to 1976) as unsprayed corn-on the immunoradiometric assay of Zavata et parison areas for the evaluation of fenitrothion al.' The assay used in this study was 10 times as a residual insecticide."
-", These studies demore sensitive than the original P. faIdiparum scribed malaria transmission by then. gambiae ELISA and was based on results from the comGiles complex and An. funestus Giles. During parative testing of 10 P. fa/ciparuln sporozoite the present study, no mosquito control measures monoclonal antibodies for development ofstanwere in effect.
dardized ELISAs with improved sensitivity." The P. .Iblciparum ELISA employed the 2AI0 monoclonal antibody" which recognizes the CS .A hopheline collections tetrapeptide, Asn-Ala-Asn-Pro.
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After identification, mosquitoes were placed Mosquitoes were collected from September to in 0.5 ml capped polypropylene vials by species October 1985, before the short rainy season, from and house number, and frozen in liquid nitrogen. a 3 km 2 area around each site, with collections Specimens were transported within I week to the primarily at the Saradidi site. Daytime collec-Kenya Medical Research Institute (KMRI) in tions inside houses were made by aspirating Nairobi, where they were held at -20°C. Mosanopheline mosquitoes from the walls, ceilings, quitoes were ground in 50 Ml blocking buffer (BB) and other objects. Mosquitoes from each house (for I liter: 10 g BSA; 5.0 g Casein: 0. 1 g Thiwere placed in screened pint cartons. Specimens merosal, 0.0 1 g Phenol red, 1,000 ml phosphate were transported to the Division of Vector-Borne buffered saline (PBS) pH 7.4) with Nonindet P-40 Diseases laboratory in Kisumu. Most were pro-(NP0)(5 ml NP40/1 ml BB) using glass grinders. cessed within 24 hr but some were held up to 72 Then 200 MI BB was added to bring the final hr by providing mosquitoes with 5% sugar so-volume to 250 p1 per mosquito. lution on cotton. Mosquitoes were sorted and Mosquitoes were tested individually by the identified to species based on taxonomic criteria. ELISA method in 96-well soft microtiter plates. Only An. gambiae s.l. and An. funestus were Fiftyl of monoclonal antibody (0.1 pg/well) were analyzed in this study. The.-n. gamhiaecomplex put in each well and incubated overnight at room in this area consists ofAn. gambiae and An. ara-temperature. After aspirating the monoclonal antibody solution, and incubating plates filled glands, and mosquito debris was transferred into with BB for I hr, plates were aspirated and 50 a 0.5-ml polypropylene vial using a 20-il cappl of each homogenized mosquito was added per illary tube. This was held at -20 0 C with 100 al well. After 2 hr incubation, wells were washed BB containing NP40 added prior to testing. For twice with PBS-Tween 20 (0.5 ml Tween 20/1 midguts containing oocysts. the coverslip was liter PBS, pH 7.4). Horseradish peroxidase removed and the midgut (with minimal mos-(HRP)-conjugated monoclonal antibody (0.1 ug/ quito debris) was placed in a vial. This was han-50 pl BB/well) usas then added to each well and died and tested the same as gland preparations. after I hr incubation, plates were washed 3 times Because midgut dissections were done in saline with PBS-Tween 20. Finally, 100 gl of peroxi-plus mercurochrome, a series of controls was run dase substrate (Kirkegaard and Perry) was added by ELISA to determine the effects of mercuroper well and plates were read using an ELISA chrome. Using known infected and uninfected reader (414 nm) at 15 and 30 min.
mosquitoes, the addition of mercurochrome and Positive and negative controls were run on each or saline, in concentrations used for dissections. plate. The positive control consisted of recomhad no effect on ELISA absorbance values. binant P. falciparuin CS protein produced in Escherichia coli. I I Uninfected negative control mosquitoes consisted of field collected male An. ELISA testing of divided mosquitoev gambiae s.l. and An. funestus. Mosquitoes were considered infected if ELISA absorbance values
The ELISA was also used to test mosquitoes (at 30 min) exceeded the mean plus 3 SD of 5 which were divided into 2 parts by cutting them control mosquitoes on the same plate.
transversely at the thorax between the first and third pairs of legs (cuts were done with a scalpel blade while observing specimens at x 10-20 with ELISA testing Qf dissection-positive mosquitoes a dissection microscope). For these mosquitoes, the "'head" and "body" portions were prepared A series of dissection-positive mosquitoes was and tested as described for the whole mosquitoes tested by ELISA. For salivary glands containing (including diluting each aliquot to a final volume sporozoites the coverslip was removed from the of 250 ,l BB). This test series included 276 mosslide and a saline rinse containing sporozoites, quitoes from Saradidi and 103 from Tiengre. A total of 379 anophelines were cut transues in each class exceeded 1.50 on a scale of 0 versely at the thorax and ELISA tests were run to 2.00. Mosquitoes with medium, large, mixedin parallel on "head or body" portions ( Table 3) . size oocysts. and free sporozoites in the midgut Of 95 positive specimens, 70.5% were positive were positive with optical density values generfor the head portion (head body + + or + -) ally > 1.00. Mosquitoes with midgut infections and 29.5% showed positive reactions for the body containing only small oocysts were not positive portion in the absence of head infections. It is by ELISA.
noteworthy that 40% of4n. gambiae s.l. compared to 21.8% ofAn.futnetus showed reactions in the body but not in the head portion.
Dissection vs. ELLS,4 infection rates

Malaria infection rates were determined both
Oocst infections by dissection and ELISA (Table 2) . Since a range of malaria developmental stages can be deter-A frequency histogram ofthe number ofoocysts mined by dissection, infection status is presented per midgut-,nfected .. In. gambiae and An. inesaccording to midgut (oocysts), salivary glands tus shows that most midgut infections contained (sporozoites), and overall infection rates (oocysts I or 2 oocysts (Fig. 2) . Both species exhibited and/or sporozoites). ELISA rates of 20.4% for simi'ar patterns and only I l%(2/18)of4 n. gamAn. gambiae s.l. and 18% for An. funestus were biae(s.l.)and 9%(7/76) ofAn. funestus contained nearly twice as high as salivary gland sporozoite > 10 oocysts. From dissection estimates of oocyst rates (10.9% and 10.2%, respectively). For both relative size, An. gambiae (n = 18) infections species, ELISA infection rates were more similar included 22% small. 28% medium, 33% large, to overall dissection rates than to salivary gland 6% mixed-sized, and 110% not determined: An. rates.
funestus (n = 75) had 24% small. 52% medium. Figure 1 illustrates the cumulative malaria in-12% large, 11% mixed, and 1% not determined. fection rates determined by dissection and ELISA Differentiated and/or free sporozoites were obfor II indoor collections in Saradidi from 13 served in midgut dissections to determine what September to 9 October 1985. These combined proportion of each species contained developing results for the 2 vector species show that the sporozoites in the midgut. Rates for the 2 comdifferences between infectivity rates determined bined categories were 38.9% (7/18) for .-In. gainby ELISA or salivary gland dissection were con-hiae and 18.7% (14/75) September October FIGURE I. Cumulative measures of infection rates for An. gambiae s.l. and An. funestus (combined) determined from collections at Saradidi where specimens were dissected (A, salivary gland sporozoite rate 0, overall infection rate; X, overall infection rate minus small oocysts) and tested by ELISA (*). This comparison is based on 1.273 mosquitoes (537 dissected and 736 tested by ELISA) from II daytime resting collections inside houses. 
DISCUSSION
Species frequency distributions for infection intensity is compared for whole body and "head"
The ELISA offers new possibilities for iden-ELISA tests (Fig. 3) . Over 90% of the reactions tifyingsporozoite infections according to malaria were at least twice as high as the cut-off absorspecies. Our tests on dissected specimens showed 
NUMBER OF OOCYSTS
FIGURE 2. Frequency distribution of the number of oocysts per midgut-infected .4 n. gambiae s.l. (n = 18) and .In. funestus (n = 76) that 88% of the salivary gland infections were P.
An important consideration is that ELISA infailciparuin. It is likely that the ELISA-negative fection rates for whole mosquitoes are not analinfections were either P. mnalariae or P. ovale ogous to sporozoite rates determined by dissecThis would correlate well with the observed tion. Since the ELISA detected medium and large species incidence in the human population (1980- sized oocysts in the midgut of mosquitoes that 1983) of 92% P. falciparun, 6% P. inalariae, and did not have sporozoites in the salivary glands. 2% P. ovale (A. D. Bradling-Bennett, CDC, per-the test greatly overestimated sporozoite rates. sonal communication). In areas such as this with The ELISA infection rate most closely paralleled more than one malaria species, there would be the overall dissection infection rate minus those obvious advantages to using monoclonal anti-mosquitoes with small oocysts. The tests probbody based assays capable of detecting and dif-ably detected infections at least 4 days before ferentiating all species present. In addition to the sporozoites reached the salivary glands. This de-P..falciparum ELISA. a similar P. vivax test has gree of sensitivity observed for the ELISA was been developed.
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" When tests are available for not expected since earlier field studies with the all human malarias. it will be possible to examine IRMA, using the same monoclonal antibody. transmission of each species.
suggested that P..falciparuni sporozoite antigens 
